Summary. Two groups of mares were exposed to an abrupt, artificial increase or a natural increase in daylength. 
Introduction
In many mammalian species the secretion of luteinizing hormone (LH) is pulsatile (Dierschke et al, 1970; Yen et al., 1974; Baird, 1978; Rahe et al, 1980; Gallo, 1981 ). In the mare, the secretion of LH is also pulsatile (Fitzgerald et al, 1983 although the detection of pulsatile LH secretion in jugular venous blood appears limited to those experimental or physiological conditions when the frequency of LH pulses might be anticipated to be low. For example, in ovariectomized mares a pulsatile pattern of LH secretion can be identified during the spring months when serum LH concentrations are low or gradually rising in association with an increase in daylength. However, during the summer months, when serum LH values are maximally elevated in this long-day breeder, discrete LH pulses can no longer be demonstrated Fitzgerald et al, 1983) . Similarly, in intact mares a pulsatile pattern of LH secretion is evident during the luteal phase of the oestrous cycle when progesterone exerts a negative feedback action on LH secretion (Ginther, 1979) . However, before ovulation, when ovarian negative feedback effects on the hypothalamus-pituitary system are absent or minimal (Ginther, 1979) , the pattern of LH secretion is non-pulsatile .
In intact mares, the onset of the breeding season occurs in response to an increase in daylength and can be advanced by exposure of anoestrous mares to an artificial increase in daylength (Sharp & Ginther, 1975) . The first ovulation of the breeding season is preceded by a period of prolonged oestrous behaviour accompanied by increased ovarian follicular development. Although LH has been implicated in both follicular development and ovulation of the mare (Pineda & Ginther, 1972; Licht et al, 1979) , serum LH remains at low levels in blood samples collected 2-3 times per week, until 6-7 days before the first ovulation of the breeding season (Freedman et al, 1979; Turner et al, 1979) . During this 6-7-day period before ovulation, serum LH concentrations gradually increase to a maximum within 1 day after ovulation. µ samples of serum using a radioimmunoassay procedure described previously (Loy et al, 1982) . A horse pituitary LH preparation (E98A), kindly supplied by Dr H. Papkoff, was used as standard. This preparation had 2-97 times the activity of NIH-LH-S1 according to the ovarian ascorbic acid depletion assay (Licht et al, 1979 The occurrence of an LH pulse was identified as described previously Mean serum LH concentrations increased (P < 0001) between Periods 7 and 1, from 0-29 + 005 (N = 9 mares) to 1-55 ± 0-31 ng/ml (N = 6 mares). During this period, mean LH pulse frequency also increased (P < 0001) from 019 pulses/12 h in Period 7 (N = 9, range 0-2 pulses) to 2-37 pulses/12 h in Period 2 (N = 8, range 1-4 pulses). However, between Periods 6 and 2 mean LH pulse frequency increased 6-fold but mean serum LH concentrations remained low and increased (P < 005) only during the final 10 days before ovulation (Period 1). Within Period 1, mean LH pulse frequency apparently decreased but the observed frequency was not different from that in Period 2 before ovulation and may reflect the absence of identifiable LH pulses in 3 of 6 mares examined during this period. Finally, mean serum LH concentrations established from periods of frequent sample collection during 60 days before ovulation were similar (P > 0-05) to values determined in samples collected daily for 24 (Group 1) or 60 days (Group 2) before ovulation.
A significant (P < 002) reciprocal relationship was observed between LH pulse frequency and amplitude during the transition into the breeding season (Fig. 2) . In general, LH pulse amplitude was > 1 ng/ml between Days >60 and 30-20 before ovulation whereas 21 of 29 LH pulses (72%) observed during the final 20 days before ovulation were < 1 ng/ml. Fig. 3 , the periovulatory rise in serum LH before the first ovulation was manifest as a linear increase (P < 0001) with respect to time. In contrast, that preceding the second ovulation fitted a quadratic function (P < 0001), indicating that mean serum LH concentrations increased more rapidly between Days 10 to 3 before the second than first ovulation and increased thereafter to a greater level (P < 005) on the day of ovulation (9-50 + 1-71 vi 3-56+ 1-78 ng/ml, = 9). 
Discussion
The foregoing results demonstrate that, in the mare transition from seasonal anoestrus to the breeding season is associated with a photoperiod-induced, seasonal increase in the frequency of pulsatile LH secretion. A causal relationship between daylength and the observed increase in LH pulse frequency is suggested since an abrupt, artificial increase in daylength, applied during the winter months, advanced the timing of the increase in LH pulse frequency and the initiation of the breeding season, compared with that observed in mares maintained under natural photoperiodic conditions. The present results therefore suggest that a daylength-mediated seasonal increase in LH pulse frequency may play a role in the mechanisms governing the onset of the breeding season of this species.
In Group 2 mares, from which blood samples were collected daily for 60 days before ovulation, mean daily serum LH values between 60 and 11 days before ovulation were similar to mean concen¬ trations in frequent sample collection periods. This (Freedman et al, 1979; Turner et al, 1979) . In addition, the present results extend these observations by providing evidence that the absence of a measurable increase in mean daily serum LH concentrations, until immediately before ovulation, is not a reflection of infrequent blood sample collection. However, in the present study daily blood samples were collected only from Group 2 mares for 60 days before ovulation. Furthermore, mean serum LH values determined in periods of frequent sample collection at >60 days were lower than values observed during the final 60 days before ovulation. It is possible, therefore, that a longer duration of daily blood sample collection might also yield evidence of a seasonal increase in serum LH concentrations.
Between 60 and 11 days before ovulation mean LH pulse frequency increased approximately 5-fold. That mean serum LH concentrations in both daily and frequently collected blood samples did not reflect this increase in LH pulse frequency was unexpected, since this finding contrasts with our previous observations for ovariectomized mares, at a comparable time of year (Fitzgerald et al, 1983) . In ovariectomized mares a 4-fold increase in LH pulse frequency during the spring months was associated with a 9-fold increase in mean serum LH concentrations. One explanation to account for this discrepancy might be related to the amplitude of LH pulses. The present study demonstrates that in intact mares LH pulse amplitude is reciprocally related to LH pulse frequency whereas in ovariectomized mares the seasonal increase in LH pulse frequency during the spring months was not accompanied by a detectable change in LH pulse amplitude (Fitzgerald et al, 1983) .
A reciprocal relationship between LH pulse frequency and amplitude has been observed in various species under different experimental conditions (Yen et al, 1974; Goodman & Karsch, 1980; Rahe et al, 1980) . Heretofore, such a relationship has not been reported for the mare and the mechanisms underlying this phenomenon remain to be elucidated. Studies with ovariectomized ewes, in which communication between the hypothalamus and pituitary gland has been interrupted (Clarke et al, 1984) , or in rhesus monkeys bearing lesions of the arcuate nucleus (Wildt et al, 1981) , indicate that high-frequency exogenous GnRH stimulation is associated with low LH pulse amplitude and vice versa. Furthermore, there is an upper limit to the ability of the pituitary gland to respond to pulsatile GnRH administration, at least in the rhesus monkey (Wildt et al, 1981 (Fitzgerald et al, 1983) and in intact mares during the follicular phase of the oestrous cycle when ovarian negative feedback effects on the hypothalamus-pituitary system are absent or minimal (Ginther, 1979) . In ovariectomized ewes, a non-pulsatile pattern of LH secretion has been reported in a small number of animals when LH pulse frequency is maximal (Robinson et al, 1985) .
Although the results of several studies suggest that pituitary gland responsiveness is reduced by high-frequency GnRH stimulation (Wildt et al, 1981; Clarke et al, 1984) (Oxender et al, 1977; Freedman et al, 1979) . The mechanisms underlying this modification of the amplitude of the periovulatory LH rise are unknown although it is unlikely, as suggested earlier (Freedman et al, 1979) , that this seasonal alteration is directly modulated by daylength. The (Hart et al, 1984 (Walton et al, 1977) . In the ewe such transient elevations in progesterone, which also occur in other species at puberty or at the initiation of ovulatory cycles after a prolonged period of anovulation (González-Padilla etal, 1975; Foster, 1977; Nass et al, 1979) , may be caused by immaturity of the preovulatory follicle at the time of the preovulatory LH surge . Furthermore, it has been proposed that such brief elevations in serum progesterone, which are preceded by a pre¬ ovulatory LH surge (I'Anson, 1985) , may play an important role in the initiation of the breeding season by synchronizing the random anoestrous pattern of follicular development with an ensuing LH surge, thereby ensuring onset of a normal oestrous cycle . That this sequence of events does not occur in the mare, since serum progesterone concentrations increase only after the first ovulation of the breeding season (Oxender et al, 1977) , suggests that in this species the follicle destined to ovulate is mature at the time of the first periovulatory LH rise, thereby ensuring an oestrous cycle of normal length. Furthermore, the observation that in a high proportion of mares large preovulatory size follicles develop and regress before the development of the follicle destined to ovulate suggests that this pattern of follicular development may function as a fail-safe mechanism to ensure complete follicular maturation at the time of the first periovulatory LH rise. Finally; the stimulus for the first periovulatory LH rise is unknown but the abrupt nature of this increase suggests a positive feedback stimulus provided by the ovaries.
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